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SH4L4RT  3lGE 

The  Problem 

To  determine  Aether  Grade  3  corrosion  preventive  compounds  can  be 
successfully  removed  by  either  hot  water  (170-180  F)  or  low  pressure 
(15  psig)  steam.  These  compounds  are  used  to  protect  metal  surfaces 
during  prolonged  storage  periods  under  normal  atmospheric  conditions. 
Removal  by  hot  Tater  and/or  low  pressure  steam  is  desirable  since 
much  of  the  equipment  preserved  by  these  compounds  cannot  be  cleaned 
using  regular  "boil-out"  procedures, 
findings 

None  of  the  preservative  ^aluated  were  completely  removed  by 
either  hot  Tater  or  low  pressure  steam  (dynamic  or  static).  Dynamic 
lor  pressure  steam  tbs  the  most  effective  means  of  removal;  hot  Tater 
wa s  slightly  less  effective;  static  steam  was  the  least  effective. 
Preservatives  with  the  highest  percent  removal  Tore  "Cosaoline  1091,” 
uncut,  2  coats  and  "IS  3763,"  cutback  3:1  preservative  to  solvent  ratio, 
using  dynamic  (15  psig)  steam;  "Tectyl  5-UU,"  uncut,  2  coats,  employing 
hot  water;  again  "Cosmc'Line  1091,"  uncut,  2  coats  using  static  steam 
(Autoclave,  15  psig).  Preservatives  with  the  lowest  percent  removal 
were  " Cosmo! ine  1046"  uncut,  1  coat,  using  dynamic  steam;  "Gulf  No 
Rust  D,"  uncut,  1  coat,  employing  hot  water;  "Cosmoline  1091"  cutback 
1:1  preservative  to  solvent  ratio  us*nr  static  steam  (Autoclave,  15psig). 
Evaluating  preservative  removability  an  the  more  realistic  "weight  per 
unit  area  of  preservative  remaining  ca  tube  surfaces"  shoctC  that, 
generally,  "Tectyl  5-1111”  and  "Tectyl  6/.3"  were  the  preservatives  with 
the  least  amounts  remaining  after  the  various  treatments.  In  most 
cases  "Gulf  No  rust  D°  and  ‘•RCEGSGD2"  had  the  larges*  amounts  remaining 
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or  the  weight  per  unit  area  basis.  Inadequate  corrosion  protection 


was  afforded  by  three  compounds  th'  had  been  solvent  cutback  at  a 


1:1  ratio  since  corrosion  was  found  under  the  "preserved"  surface 


of  the  tubes.  The  three  compounds  were  as  follows:  "IS- 3673,” 


"Cosmoline  1C91"  and  "Hoi-Hnst  203." 


Re  coonend  ations 


It  is  re  comended  that: 


a.  None  of  the  preservatives  evaluated  be  — epted  if  complete 


removal  of  the  Grade  3  compounds  by  hot  water  or  low  pressure  steam 


is  required. 


b.  If  less  than  ccqplete  removal  is  acceptable,  "Tectyl  5-1111" 


and  "Tectyl  848"  were  in  most  cases  the  best  preservatives  evaluated 


based  on  weight  per  unit  area  of  ccngjound  remaining  on  tube  surfaces 


after  hot  water  or  low  pressure  steam  treatment. 
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Introduction 

The  original  specifications  for  rust  preventive  compounds  LEL-C-972 
(SHIES)  and  32-c-lo  required  that  residual  films  of  Grade  3  solvent 
cutback  rust  preventive  compounds  he  removed  hy  hot  water  (±70  Fl . 
However,  service  difficulty  was  experienced  in  completely  removing 
the  preservatives  from  boiler  watersides.  Apparently,  prolonged  storage 
increased  the  resistance  of  the  compounds  to  removal  cry  hot  water. 
Since  even  minute  amounts  of  these  preservatives  remaining  on  boiler 
tube  waterside  surfaces  are  a  potential  means  for  hot  spots  to  develop, 
boiler  tube  failures  could  occur.  Therefore,  complete  removal  of  these 
wwpnimflR  from  boiler  watersides  is  required.  Accordingly,  a  boiling  out 
procedure  to  satisfy  these  conditions  was  developed  and  has  been  incor¬ 
porated  in  Chapter  9  of  the  Bureau  of  Ships  Manual.  Originally  it  was 
felt  that  this  boiling  out  procedure  eliminated  the  need  for  a  hot 
water  removal  requirement  for  the  Grade  3  preservatives.  However,  high 
anH  low  pressure  steam  turbines  cannot  be  subjected  to  this  type  of 
boiling  out.  Thus,  the  Naval  Engineering  Experimen;  Station  was 
authorised  to,  "develop  rust  preventive  compounds  which  would  give 
adequate  protection  to  metals  stored  under  normal  atmospheric  conditions 
but  would  be  removable  with  hot  water  or  low  pressure  steam."  The 
Bureau  of  Shins  further  requested  th**  or.  to  include  "Teetyl  51211." 
produced  by  Valvoline  Oil  Cccg>°ny,  with  the  preservatives  to  be 
evaluated.  Hot  water  removal  of  this  preservative  was  reported  to  be 
satisfactory  by  the  Newport  News  Shipbuilding  and  Drydock  Ccemany. 

In  complying  with  the  directive  issued  by  the  Bureau  of  Ships,  the 
Engineering  Experiment  Station  obtained  2"  I.r.  .lew  car*  on  steel  boiler 
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tubing  from  stock  under  No.  0-4710-277-4561.  A  total  of  ninety-six 
tube%  o"  in  length, were  cut  from  this  material.  Coatings  were  applied 
to  these  tubes  in  the  following  concentrations: 

Preservative  only  -  2  coats 

Preservative  only  1  coat 

Three  parts  pre¬ 
servative  to  1  part  cutback  -  1  coat 

One  part  preservative 
to  one  part  cutback  -  1  coat 

Before  the  coatings  were  applied,  the  tube  specimens  were  solvent 

degreased  and  cried.  To  obtain  duplicate  coatings,  each 

preservative  formulation  was  applied  to  two  separate  tubes.  The  tubes 

were  inaersed  for  one  minute  and  allowed  to  drain  for  seventy-two  hours 

before  storing.  Tubes  that  received  two  coats  were  given  the  second 

application  after  the  seventy-two  hour  drain  period.  Ail  the  treated 

tubes  were  stored  for  six  months  under  nornrl  atmospheric  conditions 

before  being  shipped  to  the  Laboratory  for  removability  evaluations. 

Descriptive  data,  furnished  by  the  Engineering  Experiment  Station,  on 

the  manufacturer,  ratio  of  preservative  to  cutback,  number  of  coatings 

applied,  and  tube  identification  numbers  are  given  in  Table  1. 

Analytical  Methods  and  Cleaning  Procedures 

Analytical  Methods 

Quantitative  procedures  were  employed  as  a  means  of  obtaining  more 
realistic  data  on  the  amount  of  preservative  removed  from  the  individual 
tubes.  Suae  difficulty  was  experienced  because  the  tubes  coated 
an  the  outside  as  well  as  on  the  inside,  ana  had  been  packed  contiguously 
before  shipment  to  the  Laboratory.  Thus,  some  of  the  preservative 
coatings  were  transferred  to  adjoining  tubes.  This  necessitated  wiping 
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the  outer  surface  of  each  tube  to  insure,  «-s  far  as  practical,  that 
only  the  original  preservative  remained  on  the  tube.  The  original 
6"  tube  sections  were  cut  on  a  lathe  into  three  parts  to  permit 
accurate  weighings  with  an  analytical  balance.  The  amount  of  preserva¬ 
tive  removed  was  determined  from  the  difference  in  tube  weights  before 
and  after  treatment,  with  hot  water  or  steam.  Comparison  of  the  weight 
of  a  treated  tube  specimen  before  and  after  washing  in  benzol  yielded 
the  weight  of  unremoved  preservative  after  treatment  with  hot  water 
or  steam. 

Procedure  for  Preservative  Removal  by  Hot  Tarter 

ft 

The  "coated"  tube  specimens  were  weighed  cm  an  analytical  balance 
and  placed  in  250  ml.  beakers  containing  glass  triangles  which  prevented 
the  test  specimens  from  touching  the  bottoms  of  the  beakers.  Enough 
distilled  water  (200  nils.)  was  poured  into  the  beakers  to  insure 
complete  coverage  of  the  tube  specimens.  These  beakers  were  pieced 
in  a  water  bath.  The  temperature  in  the  beakers  was  maintained  between 
170  and  ISO  F.  Cover  glasses,  placed  on  top  of  the  beakers,  served 
to  minimize  water  loss  through  evaporation.  After  seven  hours,  the 
tubes  were  removed  from  the  beakers  and  flushed  with  hot  water  to 
wash  off  any  "loose"  compound  clinging  to  the  tube  surfaces.  The 

of  water  remaining  on  tube  surfaces  were  shaken  off  and  the 
tubes  placed  in  a  circulating  oven  (200  F.)  for  about  five  minutes 
to  remove  the  last  traces  of  moisture.  These  tubes  were  cooled  in  a 
dessicator  and  weigh'd  on  an  analytical  balance.  Preservative  remaining 
on  the  test  specimens  was  removed  by  the  tubes  individually 

in  three  separate  beakers  of  benzol  followed  by  a  final  rinse  in  acetone. 
Specimens  were  reweighed  and  the  weight  difference  between  the  tu’re 
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after  hot  water  treatment  and  its  weight  following  the  benzol- 
acetone  rinse  was  taken  as  the  amount  of  preservative  unremovea  hy 
hot  water. 


The  preserved  specimens  were  weighed  cn  an  analytical  balance  and 
suspended  in  the  vapor  section  of  an  autoclave.  About  four  inches  of 
water,  enough  to  cover  the  heating  elements,  was  placed  in  the  bettor 
of  the  autoclave.  Steam  pressure  was  maintained  at  -s.'  for  a 
period  of  seven  hours.  At  the  end  of  this  period,  specimens  were 
removed  and  flushed  with  hot  water  to  remove  any  "loose"  compound 
remaining  cm  the  tube  surfaces.  The  amount  of  removed  and  unremeved 
preservative  was  determined  in  the  manner  described  under  the  procedure 
for  presei  > chive  removal  by  hot  water. 


It  was  necessary  to  fabricate  a  "stea-  chamber"  for  this  evaluation. 
An  18"  section  of  4"  I.D.  pipe  was  flanged  to  provide  access  for 
inserting  and  removing  the  specimens.  A  6"  section  of  3/4"  I.3>. 
pipe  was  welded  to  each  flange  for  inlet  and  cutlet  steam.  Pressure 
gauges  sere  installed  at  the  steam  inlet  and  at  the  center  of  the 
"chamber."  A  valve  was  installed  at  the  steam  cutlet  to  provide  a 
naans  for  three,  ng  steam  flow.  A  sketch  of  this  set-up  is  shown 
in  figure  1. 

After  weighing,  the  tubes  to  oe  evaluated  sere  placed  on  a  thin 
rod  and  suspended  in  the  "steam  chamber"  about  12r  apsun-  —  a  manner 
that  placed  them  in  a  direct  path  or  the  flowing  steam.  To  ensure  that 
the  steam  fully  enveloped  the  preserved  surfaces,  only  two  tubes  were 
suspended  in  the  "chamber"  at  one  time.  J-ow  pressure  steam  (1*>  psig) 
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was  maintained  in  the  "chamber."  The  specimens  were  exposed  to  this 
dynamic  steam  for  seven  hours.  Upon  removal  from  the  "steam  chamber," 
the  specimens  were  flushed  in  hot  water.  The  amount  of  preservative 
removed  and  unremoved  was  determined  by  the  method  described  above 
for  the  hot  water  evaluation. 

Results  and  Discussion 

Data  obtained  on  the  effects  of  hot  water  as  well  as  static  and 
dynamic  low  pressure  (15  p  steam  on  Grade  3  preservative  removal 
from  boiler  tube  surfaces  aiv  pr.  rented  in  Tables  2  to  4,  inclusive. 

These  tubes  had  been  stored  under  atmospheric  conditions  for  at 
least  six  months  but  not  longer  than  ten  months.  Results  show  that 
the  preservatives  were  not  completely  removed  from  the  boiler  tube 
surfaces  by  any  of  the  three  methods  employed.  Generally,  the  degree 
of  removal  was  higher  with  "dynamic"  low  pressure  steam,  slightly 
less  with  hot  water,  and  least  with  "static"  steam.  Evaluating 
preservative  removability  on  a  percentage  basis  allowed  the  following: 

a.  Removal  by  hot  water  ( 170  -  180  F) .  see  table  2  -  "Tectyl  5-11M* , 
uncut,  two  coats  applied,  had  the  best  removability  characteristics  of 
any  of  the  preservatives  evaluated.  An  average  of  two  determinations 
showed  that  81%  was  removed  by  hot  water.  "Gulf  No  Rust  D",  uncut, 

one  coat,  had  the  least  amount  removed  by  hot  water  {32%). 

b .  Removal  by  low  pressure  "static"  steam  (autoclave.  15  pslg) , 
see  table  3  -  "Cosmoline  1091",  uncut,  '<t  coats  applied,  had  the  largest 
percentage  removal  of  any  of  the  preservatives  evaluated  by  +M<?  method. 
An  average  of  two  determinations  showed  1J%  removal.  When  "Cosmoline 
1091"  was  solvent  cutback  at  a  1:1  ratio,  an  average  of  9%  was  removed, 
the  lowest  percentage  removal  of  any  of  the  proserv at i’-e  formulations 

evaluate  ?. 
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c.  Removal  to  !l dynamic'1  steaa  (15  osig) .  see  table  4  - 
"Cosaoline  1091,"  uncut,  two  coats  applied,  and  "13-3673,”  3:1  preserva¬ 
tive  to  cutback  ratio,  1  coat  applied,  ted  the  best  removability 
characteristics  by  this  method.  Approri oately  90 %  cf  these  preserva¬ 
tives  were  reroved  by  the  "flowing"  stearu  "Cosnoline  lOAb."  uncut, 
one  coat  applied,  had  the  least  amount  reeved  {38%)  . 

Evaluating  preservative  removability  cm  the  weight  resaining  per 
unit  area  of  tube  surface  sacaed  the  following: 

&.  Hot  water  removal  (170-190  ?).  see  table  2  -  "Tectyl  5-lUP 
and  "Tectyl  848"  left  the  smallest  amounts  remaining  on  tube  surfaces. 
Generally,  Gulf  No  Rust  3°  end  "liCKGRGDZ  733A"  left  the  largest  amounts. 
Slightly  none  "Tectyl  894"  and  "NaxRast  208"  remained  than  "NOKBQDS 
733A"  when  the  preservatives  cutback  at  a  1:1  ratio  were  evaluated. 

b.  Low  pressure  "static"  steaa  f Autoclave.  15  psig) .  see  table 
Generally,  "Tectyl  5-13K"  and  "Tectyl  848"  had  the  least  amounts 
remaining  an  tube  surfaces  after  treatment.  Less  "Clarke  4OOO"  remained 
than  "Tectyl  848"  men  the  preservatives  were  cutback  at  a  1:1  ratio. 
!,Guli  30  Rust  3*  and  "NOKRCSK  733A",  both  uncut,  left  the  largest 
amounts  remaining. 

c.  Low  pressure  "dvoanlc"  steaa  (13  nsig).  see  table  4  -  Generally, 
"Tectyl  84S"  left  the  least  aacunt  an  the  tube  surfaces  after  treatnent. 
"Tectyl  5-11)4"  left  a  smaller  amount  cn  the  tube  surface  after  treat¬ 
ment  when  the  uncut,  one  application  preserved  tubes  vere  evaluated. 

On  two  coot  preservative  applications,  "Tectyl  894"  "Gulf  Ho  Rust  D" 
and  "IKKGBGDE  733A"  left  the  largest  amounts  renair.irg;  on  one  coat 
applications,  "Gulf  No  Rust  I r  and  "Cosnoline  IO46”  left  the  greater 
aaounts;  with  three  part  preservative  to  1  part  solvent  applications. 
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"NdCfiCDE  ?33An  and  "Gulf  llo  Rust  D"  had  the  largest  amounts 
renaining;  for  the  1:1  ratio  of  solvent  to  preservative  applications, 
"Cosooline  IO46"  and  "PETROTECT  3”  left  the  greater  amounts. 

Evaluating  preservative  removability  on  a  percenUge  basis  cea 
be  misleading.  For  example:  Static  steaa  pressure  removed  55Jt  of 
"Cosaoline  1091".  one  coat,  uncat,  and  only  9fcC  the  sane  preservative 
cutback  at  a  1:1  ratio.  However,  examination  of  the  data  shewn  in 
table  >,  sheet  1,  reveals  that  actually  nore  preservative  remained 
on  the  tube  (O.47  grans  per  square  foot)  after  59Jt  was  removed 
than  on  tee  tube  (O.43  grans  per  square  foot)  with  only  9%  removal. 
Using  the  more  realistic  weight  per  unit  area  of  preservative  renaining 
an  tube  surfaces  after  treatment  shoved  that,  in  general,  "Tectyl  5-11M" 
and  "Tectyl  848°  left  the  smallest  amounts  remaining;  in  most  cases 
"Gulf  Ho  Rust  D"  and  "HGKCRQDE  733A"  left  the  largest  amounts  an  tube 
surfaces  after  treatment. 

Three  boiler  tubes  preserved  with  compounds  that  were  solvent 
cutback  at  a  1:1  ratio,  were  found  to  have  been  inadequately  protected. 
Corrosion  was  noted  on  the  inner  surfaces  of  the  tubes  after  the 
preservatives  were  removed.  The  three  rust  preventive%yCTounds 
employee  to  preserve  these  tubes  were  as  follows:  n IS- 3673, n  (after 
hot  rater  removal),  "Cosnoline  1091"  and  ’-Noi-Rust  208”,  (both  after 
dynamic  steaa  reaoval).  Since  "static”  stean  was  found  to  be  a  poor 
rseans  for  preservative  removal,  no  aitc  pt  was  made  to  e-rant™*  the 
inner  surfaces  of  the  tubes  for  corrosion. 

Conclusions 

It  is  concluded  that: 

a.  Hone  of  the  Grade  3  rust  preventive  cccnoonds  evaluated,  under 
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the  conditions  described,  cat  be  coapletel-"  removed  by  hot  water  (170-180F) 
or  low  pressure  "wet"  stean  ("static”  or  "dynamic"). 

b.  "Tectyl  5-USP  and  "Tecrtyl  848” .  in  nost  cases,  would  leave 
the  least  weight  per  unit  area  of  preservative  on  tube  surfaces  after 
exposure  to  hot  eater  or  stean. 

c.  Generally,  "Gulf  Ho  Bust  D"  and  "NCKOBCEE  733-A”  would  leave 
the  greatest  weight  per  unit-  area  of  preservative  an  tube  surfaces 
after  exposure  to  hot  water  cr  stean. 

d.  Some  Trade  3  coopounds  (""iS-3673",  "Ccsnoline  1091",  and 
"Nox-Bust  IT)  ahen  cut  back  at  a  1:1  ratio  would  not  afford  proper 
protection  to  preserved  surfaces. 

e.  Evaluating  removability  on  a  weight  per  unit  area  of 
preservative  remaining  on  tube  surfaces  after  treatment  is  mre 
practical  than  determining  the  percent  rust  preventive  resaved 
by  the  treatment. 

f .  Dynamic  low  pressure  (15  peig)  "wet"  stean  is  slightly  nore 
effective  than  hot  water  (170-180  F)  for  removing  Grade  3  rust 
preventives  from  metal  surfaces  after  prolonged  storage. 

g.  Static  low  pressure  stean  is  the  least  effective  means  of 
removing  these  Grade  3  preservatives. 

..eerie  aliens 

It  is  recommended  that: 

a.  Hone  of  the  preservatives  etalu-tsd  be  accepted  if  cosplete 
removal  cr  the  Grade  3  compounds  by  hot  water  or  low  pressure  steam 
is  required. 

b.  If  less  than  complete  removal  is  acceptable,  "Tectyl  51  HP  and 
"Tectyl  S48"  were  in  most  cases  the  best  preservatives  evaluated  based 
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on  weight  per  unit  area  of  compound  regaining  on  tube  surfaces  after 
hot  water  or  low  pressure  steam  treatment. 

c.  Eie  toiling  out  procedure  described  in  Chapter  9  of  the  Bureau 
of  Ships  Manual  is  better  than  hot  water  or  lew  pressure  steam  for 
removal  of  Grade  3  preservatives  from  boiler  watersides. 
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L. 


Kev  to  Cnat-ines  on  Boiler  ">ibe  Seat  ions 


Material  to 


Material  to 


Ho. 

Material  Ratio 

’ibats 

Ho. 

Material 

Ratio 

101 

"Tectyl  5-niT 

1:0 

2 

141 

"Tectyl  894" 

1:0 

102 

VelToline  Oil 

1:0 

2 

142 

Valvoline 

1:0 

103 

Ccopany 

1:0 

1 

143 

Oil  Ccapany 

1:0 

104 

1:0 

1 

144 

1:0 

105 

(1) 

3:1 

1 

145 

(2) 

3:1 

106 

3:1 

*1 

346 

3:1 

107 

1:1 

1 

147 

1:1 

10S 

1:1 

1 

148 

1:1 

109 

"Cosaoline  1091" 

1:0 

2 

149 

"Tectyl  S48” 

1:0 

110 

E.F.  Houghton  L 

1:0 

2 

150 

Valvoline  Oil 

1:0 

111 

Company 

1:0 

1 

151 

Ccapany 

1:0 

112 

1:0 

1 

152 

1:0 

113 

(2) 

3:1 

1 

153 

(1) 

3:1 

114 

3:1 

1 

154 

3:1 

115 

1:1 

1 

155 

1:1 

116 

1:1 

1 

156 

1:1 

117 

"Cosxaoline  1046” 

1:0 

2 

157 

"Shell  Gold 

1:0 

118 

E.F.  Houghton  tc 

1:0 

2 

158 

Application  CP  1:0 

119 

Cormany 

1:0 

X 

159 

Ccopound 

1:0 

120 

1:0 

1 

160 

Code  73  579," 

1:0 

121 

(1) 

3:1 

1 

161 

Shell  Oil  Co. 

3:1 

122 

3:1 

1 

162 

3:1 

123 

1:1 

1 

163 

(2) 

1:1 

124 

1:1 

1 

I64 

1:1 

125 

”Hox-Rust  208” 

1:0 

2 

165 

"*5-3673" 

1:0 

126 

Danbert  Checical 

1:0 

2 

166 

Esso  Standard 

1:0 

127 

Ccopany 

1:0 

1 

167 

Oil  Ocsapany 

1:0 

128 

1:0 

1 

168 

1:0 

129 

(2) 

3:1 

1 

169 

(3) 

3:1 

1X: 

3:1 

1 

170 

3:1 

131 

1:1 

1 

171 

1:1 

13* 

1:1 

1 

172 

1:1 

133 

"HCKOaOEE  733An 

1:0 

2 

173 

"Betroiect  3n 

1:0 

134 

Lion  Oil  Ccsrcany 

1:C 

X 

Pennsylvania 

1:0 

135 

1:0 

J. 

175 

Refining  Co. 

1:0 

136 

1:0 

1 

176 

1:0 

157 

(2) 

3:1 

1 

177 

(2) 

3:0 

138 

3:1 

2 

178 

3:u 

139 

1:1 

n 

«Z- 

1:1 

14-0 

1:1 

1 

180 

1:1 

Coats 
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Key  to  Coatings  on  Boiler  Tube  SegtSfins 


Material  to 
Solvent 


Mo. 

Material 

.Ratio 

_  Coats 

181 

"Clarice  4000" 

1:0 

2 

182 

Clarkson 

1:0 

2 

123 

Laboratories 

1:0 

1 

184 

1:0 

1 

185 

(2) 

3:1 

I 

186 

3:1 

1 

187 

1:1 

1 

138 

1:1 

1 

Material  to 
Solvent 


Material 

..Ratio 

Coats 

189 

"Gulf  No-Rust 

1:0 

2 

190 

DJ  Gulf  Oil 

1:0 

2 

191 

Corp. 

1:0 

1 

192 

1:0 

1 

193 

(2) 

3:0 

1 

194 

3:0 

1 

195 

1:1 

1 

196 

1:1 

1 

(1)  Proprietary  product  supplied  'ey  nanufacturer. 

(2)  Material  qualified  under  MLL-C-16173B  as  Grade  3 
corrosion  preventive. 

(3)  Product  under  test  snen  tubes  vere  coated. 
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